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ADAPTIVE INDUCTTVF. POWER SUPPLY WITH COMM UNICATION 
RELATED applications 

This application claims priority to and benefit of U.S. Provisional Application No. 
60/444,794, entitled Adaptively Inductively Coupled Ballast Circuit, by David W. Baarman, 
filed February 4, 2003. The full disclosure of the prior application is incorporated herein by 
reference. This application is a continuation-in-part of U.S. patent application Serial No. 
10/175,095 entitled Fluid Treatment System, which was filed on June 18, 2002, which is a 
continuation-in-part of U.S. patent application Serial No. 09/592,194, entitled Fluid Treatment 
System, which was filed on June 12, 2000. U.S. Patent Application No. 09/592,194 claims the 
benefit under 35 U.S.C. §1 19(e) of U.S. provisional patent application Serial No. 60/140,159 
entitled Water Treatment System with an Inductively Coupled Ballast, which was filed on June 
21, 1999, and U.S. provisional patent application Serial No. 60/140,090, entitled Point-of-Use 
Water Treatment System, which was filed on June 21, 1999. 

This application incorporates by reference the following applications filed on the 
same date and assigned to the same assignee as this application: Adaptive Inductive Power 

Supply, Serial No. 10689499 ; Inductive Coil Assembly, Serial No. 10689224 ; 

and Adapter, Serial No. 10689375 

RACK GROUND OF THE INVENTION 
This invention relates generally to contactless power supplies, and more 
specifically to contactless power supplies capable of communicating with any devices receiving 
power from the contactless power supplies. 

Contactless energy transmission systems (CEETS) transfers electrical energy 
from one device to another without any mechanical connection. Because there is no mechanical 




connection, CEETS have many advantages over conventional energy systems. They are 
generally safer because there is little danger of sparks or electric shocks due to the isolation of 
the power supply. They also tend to have a longer life since there are no contacts to become 
worn. Due to these advantages, CEETS have been used in everything from toothbrushes to 
5 portable telephones to trains. 

CEETS are composed of power supplies and remote devices. The remote device 
could be chargeable devices such as batteries, micro-capacitors, or any other chargeable energy 
source. Alternatively, CEETS could directly power the remote devices. 

One kind of CEETS uses magnetic induction to transfer energy. Energy from a 
1 0 primary winding in the power supply is transferred inductively to a secondary winding in the 
chargeable device. Because the secondary winding is physically spaced from the primary 
winding, the inductive coupling occurs through the air. 

Without a physical connection between the primary winding and the secondary 
winding, conventional feedback control is not present. Thus, control of the energy transfer in a 
1 5 CEETS from the primary to the secondary is difficult. 

One common solution is to design a CEETS dedicated to one type of device. For 
example, a CEETS for a rechargeable toothbrush is designed only for recharging a toothbrush, 
while a CEETS for a rechargeable telephone works only with a specific type of telephone. 

While this solution allows the CEET to operate effectively with one particular device, it fails to 
20 be sufficiently flexible to allow the power supply to operate with different remote devices. 

Further, since the remote device could be an electronic device capable of 
performing various tasks, communication with the remote device is desirable. One such system 
is described in U.S. Patent No. 6,597,076, in which an actuator powered by a CEET 
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communicates with a process computer in order to provide information relating to up-to-date 
actuator information. The remote device communicates with a transceiver located at a central 
processor. Direct communication between the CEET and the actuator is not, however, provided. 

In a system shown in U.S. 5,455,466, a portable electronic device receives power 
5 from a CEET. Communication between a computer and the portable electronic device is 
provided by way of the CEET. The CEET acts as a pipeline between the portable electronic 
device and the computer. The CEET does not obtain information related to the operation of the 
CEET from the remote device. 

While these prior art systems do provide communication, they fail to provide a 
1 0 method or means for the remote device to supply information which could be helpful to the 

operation of the CEET. For example, a CEET with an adjustable power output could use power 
requirements from the remote device to operate more efficiently by adjusting its power output. 
Thus, enabling a CEET to communicate with a remote device in order to obtain power 
requirements from that remote device is highly desirable. 

15 SUMMARY OF THE INVENTION 

A contactless power supply has a resonant circuit having a variable resonant 
frequency and a primary winding for transferring power to a remote device. The contactless 
power supply also may have a receiver for communicating with the remote device. The remote 
device sends power information to the controller. The controller then modifies the operation of 
20 the resonant circuit in response to the power information. Thus, the controller can precisely 

calibrate the power supply for operation with the remote device, providing high efficiency power 
transfer from the contactless power supply to the remote device. 
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The contactless power supply could have an inverter and a power source in 
addition to the resonant circuit coupled to the inverter. In order to achieve high efficiency power 
transfer, the controller can modify the rail voltage of the power supply, the frequency of 
operation of the inverter, the duty cycle of the inverter as well as the resonant frequency of the 
5 resonant circuit. 

The contactless power supply can also be provided with a memory for storing the 

power information received from the remote device. 

The contactless power supply could also operate with a number of remote 
devices. The contactless power supply would then receiver power information from each of the 
1 0 remote devices. A list of the power information for each of the remote devices is maintained. 
Based upon the list, the controller determines an optimal settings for the rail voltage, resonant 
frequency or the duty cycle based upon the list. 

The contactless power supply may also have a communication interface for 
f „mn.„uir.Hn g with a workstation. The controller would create a communication link between 
1 5 the workstation and the remote device by way of a transceiver. 

The remote device has a remote device controller and a secondary winding 
having a secondary winding variable impedance. The remote device controller is capable of 
varying the secondary winding variable impendence. The remote device has a remote device 
transceiver for communicating with the contactless power supply. The remote device controller 
20 varies the secondary winding variable impedance based upon information from the contactless 
power supply. The remote device’s controller could also disable the operation of the remote 
device based upon information from the contactless power supply. Thus, the remote device 
could also be operated at a high efficiency. 
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Thus, the system allows the optimization of both the power supply as well as the 
device attached to the power supply. 

The contactless power and remote devices operate by each remote device sending 
power usage information to the controller and then adapting the contactless power supply in 
5 response to the power usage information. The adaptation of the contactless power supply 
includes changing the duty cycle, the inverter frequency, the resonant frequency, or the rail 
voltage. 

The power supply could also determine whether the contactless power supply is 
capable of supplying power to the plurality of remote devices. If not, some of the remote devices 
10 could be turned off. 

The contactless power supply, the remote device, and the method of operating the 
power supply and the remote device result in an extremely efficient and very adaptable method 
of energizing a variety of devices from the power supply. By continually adapting to the 
addition or removal of loads to the contactless power supply, the contactless power supply 
1 5 remains highly efficient. 

These and other objects, advantages and features of the invention will be more 
readily understood and appreciated by reference to the detailed description of the drawings. 

RRTHF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an adaptive inductive ballast in accordance with one 

20 embodiment of the present invention. 

FIG. 2 is a schematic diagram of the resonance-seeking ballast of the attached 
patent application marked to show changes to incorporate the adaptive inductive ballast of the 
present invention. 
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FIG. 3 is a flow chart illustrating operation of the adaptive inductive ballast. 

FIG. 4 is a block diagram of an alternative embodiment incorporating RF 
communications and phase control. 

FIG. 5 is a flow chart illustrating operation of the adaptive inductive ballast 

5 incorporating communications capability 

FIG. 6 shows a contactless energy transmission system connected to a remote 

device and a workstation. 

FIG. 7 is a block diagram for an adaptive contactless energy transmission system 
with communications capability. 

1 0 FIG. 8 is a block diagram of a remote device with communications capability. 

FIG. 9 is a flow chart showing the operating of an adaptive contactless energy 
transmission system. 

FIG. 10 is an exemplary list of remote devices powered by a contactless power 
supply with communications capability. 

15 nPTATT F.D DESCRIPTI ON OF THE DRAWINGS 

For purposes of disclosure, the present invention is described in connection with a 
resonance-seeking ballast circuit, and more particularly in connection with the inductive ballast 
described in U.S. Patent Application Serial No.10/246,155 entitled “Inductively Coupled Ballast 
Circuit,” which is incorporated in its entirety by reference into this application. The present 
20 invention is, however, well suited for use with other inductive ballast circuits. 

A block diagram showing the general construction of an adaptive inductive ballast 
10 in accordance with one embodiment of the present invention is shown in FIG. 1 . As 
illustrated, the adaptive inductive ballast 10 generally includes a microprocessor 12 that controls 



6 of 29 




operation of the circuit, a multi-tap primary 14 for generating a magnetic field, a wave shaper 
and drive subcircuit 16 that generates the signal applied to the primary 14, a current sense 
subcircuit 18 that monitors the signal applied to the primary 14 and provides corresponding 
feedback to the microprocessor 12, a capacitance switch 20 for adjusting the capacitance values 
5 in the wave shaper and drive subcircuit 1 6, and an inductance switch 22 for adjusting the 

inductance of the multi-tap primary 14. The microprocessor is a conventional microprocessor 

widely available from a variety of suppliers. 

The capacitance switch 20 generally includes two banks of capacitors and a 
plurality of switches, such as transistors, that are selectively actuatable by the microprocessor 12 
1 0 to control the values of the two capacitor banks. The capacitors in each bank can be arranged in 
series or parallel depending on the desired range and distribution of possible capacitance values. 
The first bank of capacitors replace capacitor 271. Similarly, the second back of capacitors 
replace capacitor 272 of the pre-existing resonance-seeking ballast shown in the attached patent 
application. In effect, the capacitance switch 20 makes capacitors 271 and 272 from the pre- 
1 5 existing resonance-seeking ballast into variable capacitors, the values of which are controlled by 
the microprocessor 12. Alternatively, the described capacitance switch 20 can be replaced by 
other circuitry capable of providing variable capacitance. 

The inductance switch 22 generally includes a multi-tap primary 14 and a 
plurality of switches, such as transistors, that are selectively actual by the microprocessor 12 to 
20 control the values of the inductance of the primary 14. The multi-tap primary 14 replaces 

primary 270 of the pre-existing resonance-seeking ballast. In effect, the inductance switch 22 
makes primary 270 from the pre-existing resonance-seeking ballast into a variable inductance 
coil by varying the number of turns in the primary 14, the value of which is controlled by the 
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microprocessor 12. Alternatively, the described inductance switch 22 can be replaced by other 
circuitry capable of providing variable inductance. 

In general operation, the microprocessor 12 is programmed to receive input from 
the current sense subcircuit 18, which is indicative of the current applied to the primary 14. The 
5 microprocessor 12 is programmed to separately adjust the capacitance switch 20 and the 

inductance switch 22 to cycle through the range of capacitance values and inductance values 
available to the circuit. The microprocessor 12 continues to monitor the input from the current 
sense circuit 18 while adjusting the capacitance and inductance values to determine which values 
provide optimum current to the primary 14. The microprocessor 12 then locks the adaptive 
1 0 ballast into the optimum settings. 

Some of the changes required to adapt the resonance-seeking inductive ballast of 
the prior patent application into an embodiment of the adaptive inductive ballast circuit 10 are 

noted in the schematic diagram of FIG. 2. 

While the pre-existing resonance-seeking ballast is described in greater detail in 
15 U.S. Patent Application Serial No. 10/246,155, an overview of the circuit may be helpful to a 
fuller understanding of this invention. A ballast feedback circuit is connected at point A and a 
control circuit is connected at point B. Oscillator 144 provides half bridge inverter 148 with an 
alternating signal by way of drive 146. Half bridge inverter powers tank circuit 150. Current 
sensing circuit 218 provides feedback to oscillator 144. The feedback circuit, control circuit, 

20 oscillator, half bridge inverter, drive and current sensing circuit 218 as well as other supporting 
circuitry is more fully described in the above referenced patent application. 

In FIG. 2, a phase delay could be inserted at E and can be controlled as a delay 

line. This delay can be used to throttle the phase and control secondary amplitude. AtF, 
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switched capacitance can adjust the resonant frequency based on the adjustable primary 
inductance. Simple transistors can be used to switch in and out capacitance. The capacitance is 
changed when the primary inductor changes as to match load. At O, primary inductance can be 
switched to adjust the power required by the secondary circuit. RFID or direct communications 
5 can indicate the needed load. With that load information, the control processor can adjust the 
inductance as needed to provide the power required. The inductance can be switched using 
transistors and multiple taps from the primary inductor controlled by the microprocessor. 

The operating sequence of the adaptive inductive ballast circuit is described in 
more detail in connection with FIG. 3. In operation, the illustrated system waits until it 
10 determines that a load is present before applying power to the primary 14. This will save power 
and may be done by providing each inductively powered device with a magnet that actuates a 
reed switch adjacent to the primary. Alternatively, a user-actuated switch (not shown) may be 
provided so that the user can engage the power supply when an inductively powered device is 
present. As another alternative, the inductively powered device may be configured to 
15 mechanically actuate a switch when it is placed into proximity with the primary to signal its 
presence. As a further alternative, the switching mechanism can be eliminated and the ballast 
circuit can provide power to the primaty 14 regardless of the presence of a load. 

Once the power supply circuit is activated, the circuit adjusts its frequency to 
optimize the cuirent applied to the primary. After the appropriate operating frequency has been 
20 determined at initial capacitance and inductance values, the microprocessor locks the ballast 
circuit into the operating frequency and then begins to cycle through the range of inductance 
values available through the multi-tap primary. After each change in inductance value, the 
microprocessor unlocks the operating frequency and permits the ballast circuit to seek resonance, 
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settling at a frequency that provides optimal current to the primary. The microprocessor 
continues cycling through the available inductance values until it has determined which value 
provides optimal current to the primary. In one embodiment, a progressive scanning process is 
used to determine the appropriate inductance value. This is achieved by starting the scanning 
process with the lowest inductance value, and sequentially stepping up the inductance value until 
the change in inductance value results in a reduction in the current applied to the primary. The 
microprocessor will then step back down one inductance value, where the greatest current was 
achieved. Alternatively, the scanning process may begin with the highest inductance value, and 
sequentially step down the inductance value until the change in inductance value results in a 
reduction in the current applied to the primary. The microprocessor will then step back up one 
inductance value, where the greatest current was achieved. As another alternative, the 
microprocessor can step through each inductance value to determine the corresponding current, 
and after stepping through each value, return to the inductance value that provided the greatest 
current to the primary. 

After the appropriate inductance value is determined, the microprocessor locks 
the circuit at the determined inductance value and begins to cycle through the capacitance values. 
In one embodiment, the microprocessor uses a progressive scanning technique to determine the 
capacitance that provides the primary with the greatest current. The scanning process may 
progress upwardly from the lowest capacitance value or downwardly from the highest 
capacitance value, as described above in connection with the scanning process for the inductance 
value. As an alternative to a progressive scanning process, the microprocessor can step through 
each capacitance value to determine the corresponding current, and after stepping through each 
value, return to the capacitance value that provided the greatest current to the primary. 
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In this embodiment, the frequency of the ballast circuit is not permitted to vary 
once the appropriate inductance value has been determined. The microprocessor can, 
alternatively, be progmmmed to permit the ballast circuit to seek resonance after each change in 
capacitance value. 

5 In an alternative embodiment, the microprocessor may be programmed to provide 

adjustment of only the capacitance value or only the inductance value of the power supply 
circuit. In the former alternative, the multi-tap primary can be replaced by a conventional single- 
tap primary and the inductance switch can be eliminated. In the latter alternative, the capacitor 
bank can be replaced by a single set of capacitors and the capacitance switch can be eliminated. 

10 In another alternative embodiment, the microprocessor can be programmed to adjust the 

capacitance before adjusting the inductance. 

As noted above, the present invention is not limited to use in connection with a 
resonance-seeking ballast. In other applications, a current sensor may be incorporated into the 
ballast to provide input to the microprocessor that is representative of the current being applied 
15 to the primary. In operation without a resonance-seeking ballast, the microprocessor will 

separately cycle through the various capacitance and inductance values to determine the values 

that provide optimum power to the primary. 

In a further alternative embodiment, the adaptive inductive ballast 10 may include 
phase delay circuitty (not shown) that permits the ballast 10 to throttle the phase and control 
20 secondary amplitude. The phase delay circuitry may include a delay line or a Digital Signal 
Processor (DSP) that is connected to the wave shaper and drive circuit 16 following the 
operational amplifier 210 . 
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A further alternative embodiment of the present invention is described in 
connection with FIGs. 4-5. In this embodiment, the adaptive inductive ballast 10' and the 
inductively powered device have the ability to communicate, for example, using conventional RF 
communications or direct communications. 

5 FIG. 4 is a block diagram showing the general components of the adaptive 

inductive ballast 10’. The adaptive inductive ballast 10’ includes a communication coil (not 
shown) that is separate from the switched primary inductance and primary coil 22’. The 
communication coil could be part of the primary. The communication coil is connected to the 
microprocessor 12’, which is programmed to receive the information from the inductively 
10 powered device and to effect operation of the adaptive inductive ballast 10’ based on that 

information. The inductively powered device also includes a communication coil that could be 
separate from or integral with the secondary that receives power from the primary. The 
inductively powered load and the adaptive inductive power supply 10’ communicate using 
conventional communications techniques and apparatus, for example, using standard 
1 5 communications circuitry and standard communications protocol. 

Operation of the adaptive ballast 10’ is generally identical to that of ballast 10 
described above, except as noted below. A flow chart showing the general steps of operation of 
the ballast 10’ is show in FIG. 5. Through the use of its communications capability, the 
inductively powered device can relay load information to the adaptive inductive ballast 10’, such 
20 as the wattage of the load. The adaptive inductive ballast 10’ can use this information in 
determining the appropriate capacitance and inductance values. More specifically, this 
information can be used to ensure that the primary of switched primary inductance and primary 
coil 22’ is operating at the correct wattage. If not, the switched primary inductance of switched 
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primary inductance and primary coil 2T and capacitance switch 20 1 can be used to adjust the 
wattage of the primary. This embodiment may, in some applications, provide improved 
operation over adaptive inductive ballast 10 described above because it does not necessarily 
drive the primary at its highest possible current value. Instead, this embodiment matches the 
power output of the primary to the power requirements of the inductively powered device, 
meaning that it may reduce power and save energy when full power is not required. 

The aforementioned system of FIGs. 1-5 is further enhanced and explained with 

reference to FIGs. 6-9. 

FIG. 6 shows an adaptive contactless energy transmission system incorporating 
one embodiment of the present invention. Contactless power supply 305 is inductively coupled 
to remote device 306. Contactless power supply 305 is also connected to workstation 307. 
Network 308 is, in turn, connected to workstation 307. 

In one embodiment, contactless power supply 305 establishes a communication 
link between workstation 307 and remote device 306, allowing information to be transmitted to 
and from remote device 306. If remote device 306 were a PDA (personal digital assistant), 
information from the PDA could be exchanged with workstation 307. For example, a PDA 
could automatically synchronize a calendar and an address list while the PDA was charging. As 
another example, if remote device 306 were an MP3 player, then songs could be downloaded to 
and from the MP3 player while the MP3 player was charging. 

FIG. 7 shows a block diagram for an embodiment of an adaptive contactless 
energy transmission system with communication for communicating with a plurality of remote 



devices. 




The adaptive contactless energy transmission system has contactless power 

supply 305 and remote device 338, 340, 342. 

As is well know, power source 310 is a DC power source providing DC (direct 
current) power to inverter 312. Inverter 312 converts the DC power to AC (alternating current) 
power. Inverter 3 12 acts as an AC power source supplying the AC power to tank circu.t 314. 
Tank circuit 3 14 is a resonant circuit. Tank circuit 314 is inductively coupled to secondary 
winding 3 16 of remote device 338. 

The secondary windings of remote devices 338, 340, 342 have no core. Dashed 
line 320 indicates an air gap between remote devices 338, 340, 342 and power supply 305. 

Circuit sensor 324 is coupled to the output of tank circuit 3 1 4. Circuit sensor 324 
is also coupled to controller 326. Circuit sensor 324 provides information regarding the 
operational parameters of the power supply. For example, circuit sensor could be a current 
sensor and provide information regarding the phase, frequency and amplitude of the current in 
tank circuit 314. 

Controller 326 could be any one of a multitude of commonly available 
microcontrollers programmed to perform the functions hereinafter described, such as the Intel 
8051 or the Motorola 681 1, or any of the many variants of those microcontrollers. Controller 
326 could have a ROM (read only memory) and RAM (random access memory) on the chip. 
Controller 326 could have a series of analog and digital outputs for controlling the various 

functions within the adaptive inductive power supply. 

Controller 326 is connected to memory 327. Controller 326 is also coupled to 
drive circuit 328. Drive circuit 328 regulates the operation of inverter 312. Drive circuit 328 
regulates the frequency and timing of inverter 312. Controller 326 is also coupled to power 
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source 310. Controller 326 can manipulate the rail voltage of power source 310. As is well 
known, by altering the rail voltage of power source 310, the amplitude of the output of inverter 
312 is also altered. 

Finally, controller 326 is coupled to variable inductor 330 and variable capacitor 
5 332 of tank circuit 3 14. Controller 326 can modify the inductance of variable inductor 330 or the 

capacitance of variable capacitor 332. By modifying the inductance of variable inductor 330 and 
the capacitance of variable capacitor 332, the resonant frequency of tank circuit 3 14 can be 
changed. 

Tank circuit 314 could have a first resonant frequency and a second resonant 
1 0 frequency. Tank circuit 3 1 4 could also have several resonant frequencies. As used herein, the 
term “resonant frequency” refers to a band of frequencies within which tank circuit 3 14 will 
resonate. As is well known, a tank circuit will have a resonant frequency, but will continue to 
resonate within a range of frequencies. Tank circuit 314 has at least one variable impedance 
element having a variable impedance. By varying the variable impedance, the resonant 
15 frequency of the tank circuit will be varied. The variable impedance element could be variable 
inductor 330 or variable capacitor 332, or both. 

Variable inductor 330 could be a thyristor controlled variable inductor, a 
compressible variable inductor, parallel laminated core variable inductor, a series of inductors 
and switches capable of placing select fixed inductors into tank circuit 3 14, or any other 
20 controllable variable inductor. Variable capacitor could be a switched capacitor array, a senes of 
fixed capacitors and switches capable of placing select fixed capacitors into tank circuit 314, or 
any other controllable variable capacitor. 
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Tank circuit 314 also includes primary winding 334. Primary winding 334 and 
variable inductor 330 are shown separate. Alternatively, pritnaiy winding 334 and variable 
inductor 330 could be combined into a single element. Tank circuit 3 14 is shown as a series 
resonant tank circuit. A parallel resonant tank circuit could also be used. 

Power supply transceiver 336 is also coupled to controller. Power supply 
transceiver 336 could be simply a receiver for receiving information rather than a device 
enabling two-way communication. Power supply transceiver 336 communicates with various 
remote device 338, 340, 342. Obviously, more or less devices than three could be used with the 
system. 

In this embodiment, contactless power supply 305 also has communication 
interface 311 for connection to workstation 307. Communication interface 311 could be any of a 
number of well known or proprietary interfaces such as USB, firewire, or RS-232. Workstation 
307 is connected to network 308. Network 308 could be a LAN (local area network) or the 
Internet. 

Contactless power supply 305 could also have communication controller 313. 
Communication controller 313 manages data input and output through communication interface 
3 1 1 and power supply transceiver 336. Communication controller 313 performs necessary 
control functions such as code conversion, protocol conversion, buffering, data compression, 
error checking, synchronization and route selection as well as collects management information. 
Communication controller 313 establishes communication sessions between remote devices 338, 
340, 342 and workstation 307 or any other devices within network 308. Communication 
controller 313 could be a front end processor. Depending upon the capabilities of controller 326, 
communication controller 313 could be a software module running within controller 326. 
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no. 8 shows a block diagram of remote device 338. Remote device 338 is 
exemplary of remote devices 340, 342 as well. Remote device 338 includes load 350. Load 350 
receives power from variable secondary 353. Load 350 could be a rechargeable battery or any 
other kind of load. 

Variable secondary 353 is preferably coreless, allowing variable secondary 353 to 
operate over a wider range of frequencies. Variable secondary 353 is shown as a variable 
inductor, although other types of devices could be used in place of the variable inductor. 

Remote device controller 352 controls the inductance of variable secondary 353 
and the operation of load 350. For example, remote device controller 352 can alter the 
inductance of variable secondary 353 or turn on or offload 350. Similar to controller 326, 
remote device controller 352 could be any one of a multitude of commonly available 
microcontrollers programmed to perform the functions hereinafter described, such as the Intel 
805 1 or the Motorola 68 1 1 , or any of the many variants of those microcontrollers. Controller 
352 could have a ROM (read only memory) and RAM (random access memory) on the chip. 
Controller 352 could also have a series of analog and digital outputs for controlling the various 

functions within the adaptive inductive power supply. 

Memory 354 contains, among other things, a device ID (identification) number 
and power information about remote device 338. Power information would include the voltage, 
current and power consumption information for remote device 338. If load 350 were a 
rechargeable battery, memory 354 might include discharge rates and charging rates. 

Remote device 338 also includes remote transceiver 356. Remote transceiver 356 
receives and transmits information to and from power supply transceiver 336. Remote 
transceiver 356 and power supply transceiver 336 could be linked in a myriad of different ways, 
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such as WIFI, infrared, blue tooth, or cellular. Additionally, the transceivers could communicate 
by way of additional coils on the primary or secondary. Or, since power in being delivered by 
power supply 305 to remote devices 338, 340, 342, by any one of many different power line 
communication systems. 

5 Alternatively, remote transceiver 356 could be simply a wireless transmitter for 

sending information to transceiver 336. For example, remote transceiver 356 could be an RFID 
(Radio Frequency Identification) tag. 

Processor 357 represents the functional component of remote device 338. For 
example, if remote device 338 were a digital camera, processor 357 could be a microprocessor 
10 within the digital camera. If remote device 338 were an MP3 player, processor 357 could be a 
digital signal processor or a microprocessor and related circuitry for converting MP3 files into 
sounds. If remote device 338 were a PDA, then processor 357 would be a microprocessor and 
related circuitry providing the functionality of a PDA. Processor 357 could access memory 354. 

Processor 357 is also coupled to secondary device transceiver 356. Thus, 

1 5 processor 357 could communicate through secondary device transceiver 356 with contactless 
power supply 305, and thereby could communicate with any other devices connected to power 
supply 305, such as a workstation. 

Due to the presence of communication interface 311, remote device 338 could 
communicate to workstation 307 or the network 308. In order to enable communication between 
20 remote device 338 and workstation 307, controller 326 would establish a communication link to 

remote device 338 by way of transceiver 336. 

FIG. 9 shows the operation of the adaptive contactless energy transmission system 

with communications capability. 
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After contactless power supply 305 starts (Step 400), it polls all remote devices 
by way of transceiver 336. Step 402. Step 402 could be continuous, where advancement to Step 
404 occurs only if a remote device is present. Alternatively, the following steps could be 
performed before polling is repeated, although the operations would be performed with reference 
5 to a null set. If any remote device is present, it receives power usage information from the 
remote device. Step 404. 

The power usage information could include actual information regarding voltage, 
current, and power requirements for remote device 338. Alternatively, power usage information 
could be simply an ID number for remote device 338. If so, controller 326 would receive the ID 
10 number and look up the power requirement for remote device 338 from a table contained in 
memory 327. 

After all devices have been polled and the power information for each device has 
been received, contactless power supply 305 then determines whether any device is no longer 
present. If so, then a remote device list is updated. Step 408. 

15 The remote device list maintained by controller 326 is shown in FIG. 10. The 

remote device list could contain for a device ID, a voltage, a current, and a status for each remote 
device 338, 340, 342 . The device number is assigned by controller 326. The device ID is 
received from remote devices 338, 340, 342. If two remote devices are the same type, then the 
device ID could be the same. The voltage and current are the amount of voltage or current 
20 required to power the device. The voltage and current could be transmitted discretely by remote 
devices 338, 340, 342, or they could be obtained by using the device ID as a key to a database of 
remote devices maintained in memory 327. The status is the current status of the device. For 
example, the device status could be ‘on’, ‘off , ‘charging’, etc. 
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Next, contactless power supply 305 determines whether the status of any device 
has changed. Step 410. For example, remote device 338 could have a rechargeable battery. 

When the rechargeable battery is fully charged, remote device 338 would no longer need power. 
Thus, its status would change from “Charging” to “Off.” If the status of the device changes, then 

5 the remote device list is updated. Step 412. 

Contactless power supply 305 then determines if any devices are present. Step 
414. If so, then the remote device list is updated. Step 416. The remote device list is then 
checked. Step 418. If the list was not updated, the system then polls the devices again, and the 
process restarts. Step 402. 

I o If the list was updated, then the power usage by the remote devices has changed, 

and thus the power supplied by contactless power supply 305 must also change. Controller 326 
uses the remote device list to determine the power requirements of all the remote devices. It then 
determines if the system can be reconfigured to adequately power all the devices. Step 420. 

If contactless power supply 305 can supply power to all of the remote devices, 

1 5 then controller 326 calculates the settings for inverter frequency, duty cycle, resonant frequency, 
and rail voltage. Further, controller determines the best setting for the variable impedance of 
secondary winding 353 of remote devices 338, 340, 342. Step 422. It then sets the inverter 
frequency, duty cycle, resonant frequency, and rail voltage. Step 424. It also instructs remote 
devices 338, 340, 342 to set the variable impedance of secondary winding 353 to the desired 
20 level. Step 424. 

On the other hand, if contactless power supply 305 cannot supply power to all of 
the remote devices, controller 326 determines the best possible power settings for the entire 
system. Step 426. It may then instruct one or more of remote devices 338, 340, 342 to turn off 
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or change its power consumption. Controller determines the best setting for the variable 
impedance of secondary winding 353 of remote devices 338, 340, 342. Step 428. I. then sets the 
inverter frequency, duty cycle, resonant frequency, and rail voltage for the system. Step 430. 
Controller instructs remote devices 338, 340, 342 to set the variable impedance of secondary 
5 winding 353 at the desired level. The system then returns to polling the devices, and the process 
repeats. Step 402. 

The above description is of the preferred embodiment. Various alterations and 
changes can be made without departing from the spirit and broader aspects of the invention as 
defined in the appended claims, which are to be interpreted in accordance with the principles of 
10 patent law including the doctrine of equivalents. Any references to claim elements in the 
singular, for example, using the articles “a,” “an,” “the,” or “said,” is not to be construed as 
limiting the element to the singular. 
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